VOL 5 NO 5 


DANISH MEDICAL BULLETIN 


JUNE 1958 


EDITORS: 


Mogens Fog 
Ugeskrift for Lager 


Poul Bonnevie 
Ugeskrift for Leeger 


H.C. A. Lassen 
University of Copenhagen 


Richard Friedberg 


National Health Service 


Niels Blixenkrone- Moller 
University of Aarhus 


Assistant Editor: Fritz Fuchs 


DIPHENYLHYDANTOIN 


AND 


PHENOBARBITAL 


INSERUM IN PATIENTS WITH EPILEPSY 


By POUL J. SCHILLER and FRITZ BUCHTHAL 


Since the introduction of diphenylhydantoin 
(Dilantin) for the treatment of epilepsy (Me r- 
ritt & Putnam 1938) this substance has been 
used in ever increasing amounts for the control 
of grand mal seizures. In spite of this long ex- 
perience knowledge is sparse as to the absorption 
and deposition of Dilantin in body tissues and 
as to its excretion. Until recently there has been 
no chemical method allowing determination of 
the substance in small amounts. Such a method 
to be useful must allow isolation of Dilantin from 
other substances which may be administered at 
the same time, most importantly from barbiturate. 
Recently two different methods were published, 
both of which satisfied these requirements (D ill 
et al. 1956, Plaa & Hine 1956). 


METHOD 

In the investigation reported here we have used 
a combination of the two methods. Extraction 
and separation of Dilantin and barbiturates were 
carried out according to the procedure described 
by Dill et al. (1956) by a three plate counter- 
current extraction between a chloroform phase 
and a borate buffer phase (Na2B40; o. 1 M adjusted 
with HCI to pH 9.0). Then the chloroform phase 
was shaken with a carbonate buffer solution 
(NaHCO3 0.1 M adjusted to pH 11.0 with NaOH) 
in which Dilantin was determined spectropho- 
tometrically according to Plaa & Hine (1956). 
Correction was made for the extinction caused 
by normal serum constituents. The correction as 
determined from 24 sera corresponded to 2.7 + 
0.15 ug dilantin per ml. The barbiturate was de- 
termined as phenobarbital in the borate buffer 
solution according to the rsethod described by 
Lous (1950) with the following minor modifi- 
cations: The extinction was measured in the two 


From the Institute of Neurophysiology, University of 
Copenhagen. 

Supported by a grant from the Foundation of Decem- 
ber 21st, 1956, for the Advancement of Medical Science. 


borate buffer fractions at a wave length of 240 
mu at pH 9 and pH 1.5 (obtained by addition of 
HCI 6 n). A difference in extinction of 0.040 cor- 
responded to 1 «g/ml phenobarbital (Beckman 
spectrophotometer, model DU, 1 cm cuvettes). 
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Fig. 1. 
Dilantin recovered in ug per ml serum when known 
amounts are added in vitro. Horizontal lines indicate 
mean error. Each point determined from 9 different 
sera. 


In vitro controls showed that the average re- 
covery of known amounts of Dilantin added to 
serum was 73 + 1.3 per cent (Fig. 1). The cor- 
responding figure for phenobarbital was 83 + 
1 per cent. All values below for serum Diiantin 
and phenobarbital are corrected to full recovery. 

In spite of counter-current extraction the se- 
paration of Dilantin and barbiturates was not 
complete, a small amount of Dilantin being de- 
termined as phenobarbital and a small amount of 
barbiturate as Dilantin. On the average 3.8 per 
cent of the Dilantin added to serum was measured 
as phenobarbital and 0.8 per cent of the pheno- 
barbital added to serum was measured as Dilan- 
tin. When correcting for this lack of specificity, 
recovery rates were obtained with both Dilantin 
and phenobarbital addel to sera which were the 
same as those for each drug added alone. The 
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accuracy of the method in practical use is illu- 
strated by the agreements of the values found in 
duplicate determinations. The difference between 
two determinations for serum values of Dilantin 
between 10 and 50 ug/ml did not exceed 5 per 
cent; for smaller serum concentrations the dif- 
ference was 10—20 per cent. The difference in 
duplicate determinations of phenobarbital was 
of the same order of magnitude. 

The Dilantin level in rat plasma corresponds 
closely to the level found in the brain (Dill et 
al. 1956). It seems therefore reasonable to assume 
that when constant blood levels have been attai- 
ned these may be considered to indicate the di- 
lantin concentration in the central nervous sy- 
stem. 

It was the aim of the study presented here to 
investigate serum Dilantin levels as a function of 
Dilantin intake and the time it takes to reach 
these levels as well as the time course of their 
fall when the drug is discontinued. Furthermore, 
the correlation was examined between Dilantin 
levels and the degree of electroencephalographic 
abnormality in patients with epilepsy. 


PATIENT MATERIAL 

The patients investigated were: (1) hospitali- 
zed non-epileptic, (2) hospitalized epileptic, and 
(3) ambulatory epileptic patients. In the hospi- 
talized patients serum Dilantin and phenobarbi- 
tal concentrations were determined once or twice 
a day for two to three weeks. In all cases any 
preceding Dilantin medication had been with- 
drawn for about eight days. An attempt was made 
also to withdraw phenobarbital but it was not 
always possible. Half of the patients did, however, 
receive Dilantin exclusively. The dosages given 
were 200, 400, or 600 mg perorally a day either 
morning, noon and evening, or morning and eve- 
ning. The electroencephalogram was obtained 
daily and was rated by counting the number of 
paroxyms in a long unit time. 


SERUM LEVEL 

An example of Dilantin serum level and of the 
electroencephalographic findings in a hospitalized 
patient is shown in Figure 2, The patient was a 
voung man with epilepsy who had not previously 
been treated. He was given 400 mg of Dilantin a 
day for two weeks. The serum level of Dilantin 
reached 15 ug/ml in the course of nine days and 
remained constant at that value. The dosage was 
then reduced to 200 mg a day and a level of 2 
ug/ml was reached in about four days. 
Finally the dosage was increased to 600 mg a day 
and the level of 29 «g/ml was reached in the 
course of eight days. The variation in Dilantin 
content between morning and evening blood 
sample was small as compared to the blood level 
and there was no systematic relationship to the 
time of the last dose. 





ed a A v 
‚ 4Vv\ : 
ia Û 
hd 
EN ad, . v \ 
IN f 
Á\ Naaf 
\ATY 
N pee !pnenos 
/ vpt wi0 
AET PTT, 
lode \ p; 
Fig. 2. 


Patient R.V. M.; 19 gears of age, weight 74 kg, grand 
mal epilepsy. Lower curve: (full line) serum Dilantin 
in ug per ml. Dilantin medication (as indicated on 
the abscissa): from Oct. 17th to Oct. 31st: 400 my 
daily from Nov. 1st to Nov. 6th: 200 mg daily from 
Nov. 7th to Nov. 20th: 600 mg daily; (thin line )indi- 
cates serum phenobarbital after a single dose of 300 
mg given on Nov. 5th, sp. f. = Dilantin (®@) and phe- 
nobarbital (A )in cerebrospinal fluid on Nov. 6th. Up- 
per curve: Abnormality in the electroencephalogram 
as judged from the number of spike and spike wave 
parorysms over a period of 20 minutes. 


In Figure 3 is shown the peak level of Dilantin 
in the serum of hospitalized patients as related 
to the daily dosage of the drug expressed in mg 
per kg body weight. The Dilantin concentrations 
increase rather regularly with dosage so that it 
seems to some extent possible to predict the se- 
rum Dilantin level from this daily dosage and 
the patient's weight. Toxic side effects in the 
form of ataxia, drowsiness, blurring of vision, 
and/or slurring of speach were observed in two 
patients, one with 30 and one with 50 ug/ml. It 
should, however, be observed that there were 2 
patients with more than 30 «g/ml Dilantin in 
their sera who showed no toxic side effects. 
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ditantin mg/kg per day 
Fig. 3. 
Peak levels of serum Dilantin in ug per ml as a func- 
tion of Dilantin intake in mg per kg body weight per 
day. Open circles indicate peak leveis in patients with 
toxic side effects. 
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Rate of rise. 

It is characteristic that a constant dosage of 
Dilantin results in a very slow rise in serum 
level. In view of this slow rise it seems quite 
unimportant whether the drug is given in divided 
doses during the day or in a single morning or a 
single evening dose. Up to a final blood level of 
about 25 ug per ml the time for the Dilantin con- 
centration to reach its peak level or its half peak 
level was the longer the higher the final serum 
level (Fig. 4). On the other hand, the time neces- 
sary to reach a given serum level of 15 or 20 ug 
per ml did not vary systematically with dosage. 
On the average an adult receiving 400 mg of Di- 
lantin a day achieves the peak level in 12 days. 
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Rate of rise of serum Dilantin to peak level (O) and 
to half level (@) as a function of Dilantin intake in 
mg per kg body weight per day. 


Rate of fall. 

Dillet al. (1956) administered a single dosage 
of 400 mg of Dilantin and found maximum plasma 
levels of 2—5 ug/ml in about eight hours. The 
concentration then fell at the rate of 50 per cent 
per 18-24 hours. With higher initial Dilantin 
serum levels as in the case of those patients who 
had received Dilantin over two or three weeks, 
the fall after cessation of Dilantin was by 8—-25 
per cent per 24 hours, or by 2—4 ug/ml per 24 
hours with the highest value corresponding to 
the highest Dilantin concentration in the serum. 


Correlation with EEG findings. 

The patient material is not vet large enough to 
allow a final evaluation of the correlation be- 
tween the serum level of Dilantin and the degree 
of abnormality in the electroencephalogram. 
There does, however, seem to be a tendency for 
the electroencephalogram to normalize at a time 
when the blood level is at its peak, or at least 
above 15—20 ug/ml corresponding to a dose of 
7—9 mg per kg body weight per day (Fig. 2). 


AMBULATORY PATIENTS 
The 25 ambulatory epileptic patients investi- 
gated up to now had been under frequent clinical 
and electroencephalographic observation. At the 





time that the sera for Dilantin and phenobarbital 
determinations and the electroencephalograms 
were obtained the patients were questioned in 
detail as to their number of attacks, the amount 
of time and the regularity of taking medication 
and any toxic symptoms of medication. 

In only half of the ambulatory patients were 
the serum Dilantin levels about as to be expected 
in view of the prescribed dosage and the intake 
claimed. The other half of the patients had either 
no Dilantin in their blood or such low values as 
to be incompatible with the amount of the drug 
prescribed. Hence, a surprising number of pa- 
tients although under observation do not take the 
medicine prescribed. This may at anv rate in 
part account for the considerable individual va- 
riation reported by Dill et al. (1956). It seems 
to be worth while to attempt to help the patients 
to remember to take their medicine by prescri- 
bing it to be taken once or twice a day instead of 
in a number of small portions. 


SUMMARY 


Diphenylhydantoin (Dilantin) was determined 
in serum by means of a three plate counter-cur- 
rent separation of Dilantin and phenobarbital 
(Dill et al. 1956) and a spectrophotometric de- 
termination (Plaa & Hine 1956). The recovery 
of added Dilantin and phenobarbital was 73 and 
83 per cent respectively. 

Corrected to full recovery the serum Dilantin 
levels varied in hospitalized patients between 3 
and 50 ug/ml according to the dosage given and 
the weights of the patients. A 20 ug/ml level was 
obtained with an intake of 9 mg/kg per day cor- 
responding to 630 mg Dilantin per day for a per- 
son weighing 70 kg. Within the 3 week period 
of observation toxic effects did not occur 
with serum levels below 30 ug/ml Dilantin. 

The rate of rise in serum Dilantin at constant 
dose was slow, a 10-20 ugg/ml level being 
reached within 10—12 davs. At withdrawal the 
serum level fell at the rate of 8—25 per cent per 
24 hours, the largest fall corresponding to the 
highest initial concentration. 

The electroencephalogram showed a tendency 
to normalize when the Dilantin had 
reached peak levels, or at least 15—20 ug/ml, 
corresponding to 7—9 mg per kg body weight 
per day. 

In half of the ambulatory patients investigated 
the serum Dilantin level was considerably below 
that to be expected from the dosage prescribed 
and the intake claimed. 
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CENTRAL NERVOUS MECHANISMS IN COLOR VISIONS 


By MARGARET A. LENNOX 


We have tried for the past 6 or 7 vears here 
at the neurophysiological institute to find out 
what happens in the brain when the color of a 
light is changed. Studies of this kind have not 
been carried out before and this seems strange 
for two reasons. In the first place an answer to 
the problem has more general interest than just 
with respect to color or in vision. It is an 
unanswered question in general what it is that 
allows us to recognize the quality of a stimulus. 
It seems likely that the intensity of a stimulus 
whether it be light, sound, touch or taste — is 
signalled by the intensity of discharge in the 
nerve. The location of a stimulus is probably 
signalled by the place in the cortex which is 
“fired” by the nerve impulse. But the quality of 
the stimulus whether it is hot or cold, sweet or 
sour, red or blue how is that signalled? You 
may say — why, by the receptor of course. It is 
known for all the senses that there are specialized 
receptors with different sensitivities. Each re- 
ceptor is sensitive to the adequate stimulus over 
a considerable range of temperatures, tones or 
colors as the case may be, but is highly sensitive 
over a much smaller range. So the sensitivity of 
different units in the cat’s eve (Granit 1954) 
looks like other curves showing the sensitivity 
of single units in other sensory spheres. On the 
ordinate is a measure of the sensitivity of the unit 
and on the abscissa is the frequency range of 
effective stimuli, in this case the wave length of 
the light. But then we can ask, how does the 
brain know that just this receptor has been hit, 
so to speak? The points in the cortex that are 
“fired” are mixed in with each other just as they 
are in the eve or on the skin. So that's why we 
look for something in the central nervous system 
that may correspond with the quality of the 
stimulus. 

The second reason for choosing to study vision 
and color is that conditions are so well defined. 
The wave length of the light can be measured, 
its intensitiv can be measured and most im- 
portantly the magnitude of its effect on the peri- 
pheral end organ can be measured. We know that 
even though the intensity of two stimuli such 
as of two colors may be the same, they mav 
not produce the same effect; in the case of the 
eve because the sensitivity of the photochemical 
substance is not the same for all colors. But in 
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the case of vision the magnitude of the peripheral 
effect of light can be measured by meaas of the 
electroretinogram, at least under certain con- 
ditions. 

We started by recording the response from the 
cortex when the eve was flashed with blue, green, 
vellow and red light. We used cats because they 
are fairly cheap, available and easy to work with 
even though they lack color vision. We found 
that when the intensity of the light was adjusted 
so each color caused a retinal potential of the 
same size the response occured earlier when the 
light was red, later when it was vellow and latest 
when it was blue or green (Lennox & Mad- 
sen 1955). This was true only at high intensities. 

We wondered why this was so was it be- 
cause the photochemical reaction occurred fastest 
in the eye when the light was red, or because the 
red-sensitive receptors were connected with large 
fibers which conducted the impulse faster in the 
central nervous system? 

There is only one way really to find this out, 
and that is to record from single fibers in the 
optic tract. There one can measure how long it 
takes for an impulse set off by an electrical sti- 
mulus to the nerve to reach the electrode 
that gives the conduction velocity. Then one can 
measure how long it takes for an impulse set off 
by light to reach the electrode this (minus the 
conduction time) is the peripheral time in the 
eve. Actually such a study is rather difficult to 
do the fibers are small and hard to find, one 
can only record if one happens to make a hole in 
the myelin sheath or to hit a node of Ranvier, 
and while the nerve is being stimulated the cat 
may breath or a vessel may pulsate and knock 
the electrode off the fiber. TI say this only to 
explain why we decided to use only two colors, 
blue and red. These had shown the widest diffe- 
rences at cortex, they were pure colors and they 
were as far as apart as one could get on the 
spectrum. 

It turned out that both mechanisms are at work 
(Lennox 1958). The retinal time is shorter 
when the light is red than when it is blue (Figs. 
1 and 2), and in addition the fast fibers are more 
sensitive to red light (Fig. 1) and the slow fibers 
to blue light (Fig. 2). 

It’s interesting for us to know why the impulse 
set off by a red light gets to the cortex quicker 
than when the light is blue, but it does not really 
matter to the cortex. The cortex only knows 
that the impulse has a certain size and arrives at 
a certain time. Let's just see what this means 
for colors (Fig. 3). On the ordinate is the size of 
the response and on the abscissa is the latency 
of the same response. For a response of a certain 
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A fast conducting single optic tract fiber (below, 

short latency response after optic nerve stimulation) 

responds with an active discharge both to red and to 
blue light (above). 
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Fig. 2. 
The discharge is much more active to blue than to red 
light (above) in slowly conducting fibers (below, 
long latency response after optic nerve stimulation). 


size the arrival time is about 5 msec. earlier when 
the light is yellow or red than when it is blue or 
green. And this has been true wherever we have 
been able to record responses in the nervous 
system from the optic tract, geniculate, su- 
perior colliculus and all areas of cortex. It is 
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Mid corticot lotency (msec) 
Fig. 3. 
To show the amplitude of a cortical response (ordi- 
nate) as related to its own latency (abscissa) as a 
function of color. The values are the mean of 14 
experiments. 


always true only at high intensities and there is 
always a tendency for vellow to lie between blue 
and green, which are alike, and red. 

At present it would seem that the arrival time 
of an impulse offers a possibility to the brain to 
judge the quality of the stimulus. Of course all 
questions as to recognition of the quality of a 
stimulus are not answered by any means. We 
don’t know how the relationships are in animals, 
lower and higher, with color vision. We don’t 
know what serves as the reference time, so 
to speak. The arrival time of the colors, to be a 
basis for recognition, must be longer or shorter 
than some other standard time. But in this con- 
nection it is interesting that the last few vears 
hav shown not only that the eve is alwavs mak- 
ing small scanning motions (the necessity of 
these was pointed out by Berger & Buch- 
thal 20 vears ago), but also that without these 
motions colors cannot be seen. When an image 
is artificially fixed at one retinal spot, not onlv 
do the outlines become blurred but also the colors 
are said to fade and become indistinguishable 
(Ditchburn 1957). More careful studies along 
this line might give evidence as to how scanning 
may provide a means of comparing latencies, but 
it appears reasonable to assume a priori that it 
does. 
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CORTICAL RECRUITING RESPONSE AND THE CAUDATE NUCLEUS 


By A. MOSFELDT LAURSEN 


It has been suggested that the caudate nucleus 
acts as a relay in the unspecific thalamic pro- 
jections to the cortex (Nauta & Whitlock 
1954, Powell & Cowan 1956). Recruiting re- 
sponses are considered characteristic for this 
projection system and the finding that this type 
of response can be elicited and recorded from the 
caudate nucleus (Stoupel & Terzuolo 1954, 
Shimamoto & Verzeano 1954) has been 
considered evidence in favour of this hypothesis. 

To study if or to what extent the caudate nuc- 
leus may be looked upon as a thalamo-cortical 
relav, it was determined whether the recruiting 
response could be elicited from: (1) The entire 
nucleus, from (2) part of it, or (3) only from 
structures surrounding it. 


METHOD 
Cats anaesthetized with chloralose-urethane 
were used. Rectangular stimuli of 1 msec. dur- 
ation were applied to the caudate nucleus via a 
double screened transformer (Buchthal, 
Guld & Rosenfalek 1955) through stereo- 
tactically oriented concentric or bipolar needle 
electrodes or a 12 lead multielectrode (B uc h- 
thal, Guld & Rosenfalck 1957). The corti- 
cal potentials were led off with silver ball elec- 
trodes cemented into burrholes in the skull and 
recorded both on an eight channel electroence- 
phalograph and on a two beam oscilloscope. 

To determine the site of the electrodes in reta- 
tion to macroscopic structures, the cat’s brain was 
perfused in situ with a fixing solution (Ma r- 
shall 1940) with the electrodes in situ. In addi- 
tion the brain was prepared for histologic exa- 
mination. 

RESULTS 

Cortical recruiting potentials were evoked by 
stimulating the caudate nucleus through a con- 
centric needle electrode with frequencies between 
2 and 12 eveles per sec. Stimulating with a bi- 
polar electrode with an interelectrode distance of 
0.5 mm, cortical recruiting responses could only 
be elicited from a zone where the caudate adjoins 
the internal capsule. The active zone extended 
into the internal capsule. Stimulating with diffe- 
rent neighbouring leads of the multielectrode in- 
serted through this area at different angles and 
planes, the locus from which recruiting responses 
were elicited could be localized more preciselv. 
From the Institute of Neurophysiology, University of 
Copenhagen, Denmark. 





With the multielectrode inserted into the cau- 
date nucleus in a sagittal plane (Fig. 1), a corti- 
cal recruiting response was confined to stimula- 
tion of a narrow zone of the caudate adjoining 
the nucleus reticularis of the thalamus (Fig 2, 
leads 1 to 4). Stimulation deeper in the caudate 
evoked negative cortical responses with a long 
latency and no recruitment (Fig. 2, leads 5 to 12). 





Fig. 1. 
The multielectrode is introduced in a sagittal plane. 
The most distal electrode is on the border between 
thalamus and ecaudate nucleus. CI, capsula interna, 
NC, nucleus caudatus and T, thalamus. 


Inserting the multielectrode frontally so that 
five distal electrodes were situated in the internal 
capsule and seven proximal electrodes in the 
caudate, a cortical recruiting response was evoked 
only upon stimulation between the adjacent elec- 
trodes which were situated in the internal cap- 
sule. With gradually increasing intensitiy of sti- 
mulation the cortical recruiting responses were 
evoked from a narrow zone of the caudate ad- 
joining the internal capsule. Stimulation deeper 
in the caudate elicited a positive long latency re- 
sponse without recruitment. In all instances the 
cortical response could be recorded from all 
leads over both hemispheres. 

The evidence presented indicates that cortical 
recruiting response can be evoked from the cau- 
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Fig. 2. 
Records from homolateral sensorimotor cortex, with a 
diagrammatic representation of the multielectrode 
lead pairs used for stimulation in the caudate (cf. 
Fig. 1.). All records are formed by superposition of 
about 15 faint traces. Recruiting responses were elici- 
ted by stimulation through lead pairs 1 to 4. Responses 
without recruitment, and with latencies longer than 
those of the recruiting responses, are elicited by sti- 
mulation through lead pairs 5 to 12. 





date only when a spread of current occurs to 
structures bevond this nucleus. The actual stimu- 
lation takes place in the rostral pole of the thala- 
mus or in unspecific cortical projections from the 
thalamus (Nashold, Hanberry&Olsze w- 
ski 1955). 

The results are consistent with the finding that 
cortical recruiting responses elicited from the 
thalamus are only slightlv affected by lesions in 
the caudate (Ajmone-Marsan & Dil- 
worth 1953). 


SUMMARY 
Cortical recruiting potentials are evoked with 
electrodes in the caudate only when these elec- 
trodes permit spread of current to the thalamus 
and the internal capsule. 
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SOME ASPECTS OF THE PATHOPHYSIOLOGY OF ADYNAMIA 
EPISODICA HEREDITARIA 


By FRITZ BUCHTHAL, LISE ENGBAEK and INGRID GAMSTORP 


Adynamia episodica hereditaria has recently 
been delineated from the classical familial para- 
lysis as a separate clinical entity (Gamstorp, 
Hauge, Helweg-Larsen, Mjönes & 
Sagild 1957). This differentiation was based 
on the clinical symptomatology, on characteristic 
differences in serum potassium and on different 
modes of inheritance. 


From the Institute of Neurophysiology, University of 
Copenhagen, Denmark, and the Pediatrie Clinic, Uni- 
versity of Lund, Sweden. 





Adyvnamia episodica is characterized by an 
earlier age of onset than the familial paralvsis 
and by attacks which are less severe but more 
frequent. Serum potassium is increased during 
attacks of adynamia while it is decreased during 
attacks of familial paralvsis. Accordingly, ad- 
ministration of potassium provokes the attacks 
in advnamia episodica while it controls the 
attacks in familial paralvsis. 

Advnamia episodica is inherited as a dominant 
trait (Helweg-Larsen, Hauge & Sagild 
1955, Gamstorp 1956), while inheritance of 
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familial paralysis seems to be irregular dominant, 
mainly manifest in men (Helweg-Larsen, 
Hauge & Sagild 1955). Adynamia episodica 
has hitherto been found in two Swedish families 
and in one Danish family which could be traced 
to one of the Swedish families. 

The present study deals with some aspects of 
the pathological physiology of the disease as in- 
vestigated by electromyography and by the effect 
of intra-arterial injections of acetylcholine dur- 
ing and between attacks. 


RESULTS 

Electromyography was performed in 6 patients. 
The action potential pattern at maximum volun- 
tary effort and any activity at rest were recorded 
and the duration of the action potentials and 
their propagation velocity were measured. (For 
method, see Buchthal, Guld & Rose n- 
falck 1954, 1955, Buchthal & Rosen- 
faleck 1955). Attacks were provoked by oral 
administration of 2.5—5 g of potassium chloride 
or by rest after physical exertion. 

The electromyographic findings during attacks 
of paresis are a reduction in the number and 
simultaneous hyperexcitability of activated 
muscle fibres. In four of the six patients the 
electrical activity was so reduced that individual 
action potentials could be discriminated during 
maximum effort, a type of response which other- 
wise occurs in severe paresis of neurogenic origin. 
The reduction in the number of activated muscle 
fibres corresponded to the decrease in force 
estimated by muscle grading. The attack was 
furthermore characterized by the occurrence of 
numerous spontaneous potentials of short dura- 
tion in the apparently resting muscle. These 
spontaneous discharges were either not present 
before the attack or occurred less frequently. Also 
the response to mechanical stimuli was greatly 
increased during the attack. 

The average duration of the motor unit poten- 
tials was reduced by up to 30 per cent during 
attacks. A reduction in duration may be due to 
an increased propagation velocity or to a reduc- 
tion in the number of active fibres in the motor 
unit (Buchthal & Rosenfaleck 1955). 
Since the propagation velocity was normal and 
unchanged during attacks, the reduced action 
potential duration must be due to a decrease 
in the number of active fibres within each motor 
unit, 

Intra-arterial injection of suitable amounts of 
acetylcholine in the brachial artery produces a 
motor response in the forearm, usually a flexion 
of one or more fingers (Engbek 1951). Five 
patients were examined between attacks, two 
patients also during an attack; they all had an 
increased sensitivity to acetylcholine before and 
during the attacks, providing further evidence of 
hyperexcitability of the neuromuscular junction. 





DISCUSSION 


The reduction in muscle force in adynamia 
episodica, manifested clinically and electromyo- 
graphically, and the reduced duration of motor 
unit potentials indicate a decrease in the number 
of active muscle fibres. The spontaneous fibril- 
lations and the readiness to respond to mechanical 
stimuli as well as the increased acetylcholine 
sensitivitv indicate hyperexcitability. 

It lay near at hand to interpret the paresis of 
some muscle fibres with simultaneous increase 
in excitability of others in terms of the effects 
of the high potassium concentration on the 
excitable membrane. A reduction in the ratio of 
intracellular to extracellular potassium concen- 
tration is associated with a decrease in the 
potential measured across the excitable membrane 
of the muscle fibre. A moderate reduction in 
potential enhances the excitability while a more 
pronounced reduction of the membrane potential 
abolishes the conducted response (Jenerick 
& Gerard 1953). A state of hyperexcitability 
in some muscle fibres and a block of conduction 
in others might accordingly be caused by an in- 
crease in serum potassium, and the symptoms 
during an attack of adynamia episodica would 
be qualitatively acounted for by the change in 
serum potassium. 

An increase in serum potassium is, however, 
hardly the only factor responsible for the attack. 
In some patients a very small or no increase at 
all was noted. The maximum increase observed 
(7.3 m Eq/1l, Gamstorp 1956) did not produce 
paresis in normal persons (Grob, Lilje- 
strand and Johns 1957). 

The increase in serum potassium is not pre- 
ceded or accompanied by a decrease in urinary 
potassium (Gamstorp 1956). This suggests a 
displacement of potassium from the intracellular 
to the extracellular space, further reducing the 
ratio of intracellular to extracellular potassium 
and the membrane potential of the muscle fibres. 
However, only a large reduction in the intracel- 
lular potassium concentration produces an ap- 
preciable change in the membrane potential. 
Findings with regard to intracellular potassium 
of muscle in adynamia episodica are contra- 
dictory: In one case, intramuscular potassium 
was lower between attacks than in normal muscle, 
and the “exchangeable body potassium” — an 
expression of intracellular potassium — was re- 
duced (Liljestrand 1957). In three other 
cases there was no significant deviation from 
normal values and the rate of exchange between 
injected potassium and body potassium was 
normal.*) 

Abnormalities in intra- and extracellular potas- 
sium concentration cannot therefore be solely 
responsible for the changes in excitability. In 
search of an additional explanation it is of 


*) Sagild, personal communication. 
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interest that muscle chloride in the above men- 
tioned case of adynamia episodica (Lilje- 
strand 1957) was increased to 40 m Eq/kg 
between attacks while serum chloride was un- 
changed during attacks (Gamstorp 1956). In- 
creased muscle chloride would be consistent 
with a high chloride permeability, and in this 
case chloride ions might play a significant part 
in determining the membrane potential (H o d g- 
kin & Katz 1949, Mc Ardle 1956). 

The role of sodium in the classical familial 
paralysis has recently been emphasized (Conn, 
Fajans, Louis, Streeten & Johnson 
1957). The attacks were preceded by an increase 
in intracellular sodium. In adynamia episodica 
no connection was found between the attack and 
serum sodium (Gamstorp 1956), but intra- 
cellular sodium and its possible changes during 
attacks have not vet been investigated. 
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THE HEREDITY OF VENOUS INSUFFICIENCY 


By CARL C. ARNOLDI 


Primary varicose veins are generally thought to 
be due to an inherited weakness of the vein walls 
and the valves, especially at the junctions of the 
saphenous veins with the deep veins of the leg. 
As a result of this weakness an increase in the 
hydrostatic pressure leads to the formation of 
varicosities in the veins of the lower extremities. 

Clinical experience shows that most women 
refer the first appearance of varicose veins to the 
time of pregnancy, and so it is thought that an 
increased abdominal tension is the primary factor 
or that the enlarged uterus compresses the iliac 
veins with a resultant stasis of the veins of the 
lower extremities. 

Varicose veins tend to become more pro- 
nouneced in people with work that keeps them on 
their feet, and it is thought that a prolonged 
excess of hydrostatic pressure is the primary 
varicose factor in these cases. 

In a recent paper (3) the author has compiled 
from the available literature a number of facts 
that do not seem to fit in with the accepted “me- 
chanical” explanation of the aetiology, and has 
found that the occurrence of primary varicose 
veins seems to be influenced by hormonal factors. 
In this study — comprising 293 women a re- 
lation was found between the time of menarche 
and the occurrence of varicosities, a late men- 





From the County and City Hospital, Nyksgbing Mors. 
Head: H. Starklint. 


arche being apparently a predisposing factor to 
varicosis. 

In accordance with older observations pregnan- 
cy was found to be a predisposing factor to vari- 
cosis, but in accordance with Mullane (20) the 
author found that varicose veins appeared at a 
juncture when the mechanical and hydrodynamic 
factors could hardly be in operation. 

Women suffering from varicose veins were 
found to have a longer maximum and average 
period of breastfeeding, and agalactia and hvpo- 
galactia were but rarely met with. 

The material thus at hand comprised only 
women, as men do not show clinical signs clearly 
indicating the variations of the hormonal balance. 

Genetic conditions were not investigated in the 
above mentioned series. 

As it is quite evident that varicose veins tend 
to be familial, and that even the varicose patterns 
may be inherited (14), the problem was soon 
presented as to how the above mentioned signs 
of the hormonal influence were compatible with 
the generally accepted view that varicosis is a 
dominantly inherited disease. 


Conditions for a full scale genetic evaluation were 
not present, but the author felt that an attempt could 
be made by means of a questionnaire with very simple 
questions. If enough of these were returned, and the 
questions answered with something approaching ex- 
actness, at least a pointer could be gained and an 
investigation started on a larger scale. 
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Fortunately it appeared that the “National Varicose 
Foundation” of London (Chairman Dr. Stanley 
Rivlin, Genetic Consultant Dr. Fraser Roberts) 
was planning an investigation on varicose disease, and 
it was agreed that the question should be taken into 
consideration by the Foundation. 

The genetic study in this paper is therefore to be 
regarded as a preliminary investigation. 


METHOD 

The material on which this investigation is 
based was collected by using a questionnaire. The 
purpose of the questionnaire was carefully ex- 
plained on the first page, and care was taken not 
to mention the connection between the four ques- 
tions: 

The questions were: 1) The age of the person 
2) The presence or non-presence of any vari- 
cose veins on the lower extremities (a definition 
of varicose veins was given) 3) The presence or 
non-presence of existing or previous leg ulcers 
4) The time of the menarche. 

The central figure of the questionnaire (the 
proband) was the “housewife” who was asked to 
write her name and address. The rest of the 
family members are anonymous, referred to as 
“first son”, “second brother” etc. The “central 
figure” was requested to mark all data of which 
she was uncertain with a question mark. 

The questionnaires were distributed to women 
entering the County Hospital of Nykgbing Mors. 
Only women of at least average intelligence were 
asked to cooperate and among these, housewives 
with a sizeable family were preferred. 

A smaller number were distributed by the prac- 
titioners of the island of Mors, the same safe- 
guards being taken by them as those mentioned 
above. Finally a few questionnaires were answer- 
ed by the families of doctors and nurses of the 
County Hospital of Nykgbing Mors. 

Care was taken not to select the probands after 


the presence or non-presence of varicose veins 
and leg ulcers. 
MATERIAL 
In all, about 500 questionnaires were dis- 


returned to the 
however, in- 


tributed and of these 194 were 
author. A number of these 
adequately answered and had to be rejected for 
this reason. 164 contained at least one person 
with all data complete, and these comprise the 
basis for the statistic figures. For use in the 
genetic series a further number of questionnaires 
had to be eliminated, as will be seen below. 

According to earlier investigations (7) varicose 
veins appear before the age of thirty in the great 
majority of cases. In an earlier series (3), about 
sixty per cent of the women stated that the vari- 
cosities had appeared before this age, and expe- 
rience shows that this figure is an absolute mini- 
mum, as quite a number of patients are not aware 
that they have varicose veins. 

For this reason the material was divided 


were, 


into 


a group below 25 vears and a group above this 
age. Only the second group is dealt with here, as 
a great number of the vounger persons must be 
supposed to be potential varicose patients. 


MORBIDITY 

In the available literature only a few authors 
have tried to evaluate the frequency of venous in- 
sufficiency in the population. The author has not 
been able to find figures suggesting the number 
of persons with varicose veins in the population. 
In a hospital series of 293 not selected women, the 
percentage of varicosities was about 40 per cent. 
Varicose veins in this series were by definition, 
any dilated, tortuous and elongated subcutaneous 
veins of the lower leg, irrespective of size. 

Dickson Wright (28) mentions that about 
250,000 persons in England were suffering from 
“gravitational ulcers”, that is about 0.5 per cent 
of the total population. He does not, however, 
mention how this figure is obtained. 

In Denmark, Roholm (24), from a study of 
insurance records and hospital admissions, came 
to the conclusion that the number of leg ulcers 
in Denmark must be supposed to be from 5,000 
to 15,000, corresponding to 0.15—0.45 per cent of 
the then total population. The method of obtain- 
ing the numbers cited by Dickson Wright 
is, as mentioned, unknown to the author, and 
according to Roholm his figures can only be 
regarded as a very rough assessment. 

RESULTS 

The questionnaires returned totalled 164 in 
which at least one person had answered all the 
questions. In these questionnaires 1981 persons 
were listed as being above the age of 25, among 
these 936 men (47.2 per cent), 1045 women (52.8 
per cent). The distribution of varicose veins and 
leg ulcers in these groups is shown in Table 1. 





Table 1. 
Persons above 25 With varicose With leg 
years of age veins ulcers 


413 (39.6 %) 





Women 1045 79 (7.6 %) 
EE aes 936 175 (18.7 %) 27 (2.9 %) 
Total 1981 588 (29.7 %) 106 (5.4 %) 

In this material there is, however, a number 


of persons included who are listed as dead in 
the questionnaires. When these persons are ex- 
cluded the following figures result (Table 2). 


Table 2. 





Persons over 25 With varicose With leg 
years of age veins ulcers 
(living) 
Women … 908 345 (38.0 %) 50 (5.5 %) 
___REEEEE 716 143 (18.4 %) 15 (1.9 %) 
Total 1684 488 (28.9 %) 65 (3.9 %) 





As the possibility cannot be excluded, that a 
greater interest in the questionnaires has been 
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shown among the probands with varicosities in 
the family, a second way of evaluation has been 
tried: The probands were divided into two groups 
according to the presence or non-presence of 
varicosities in the case of the proband herself. 

Table 3 shows the distribution of varicose veins 
and leg ulcers in the group comprising the 
questionnaires where the probands were free 
from varicosities (minimum). This is compared 
with the figures from the whole material (max- 
imum) (cf. Table 2). 


Table 3. 





Persons above 25 With varicose With leg 
years of age veins ulcers 
Negative 
proband group 663 98 (148 %) 7 (1.05 %) 
(persons alive) 
Total 
material 1684 488 (28.9 %) 65 (3.90 %) 


(persons alive) 





It is thought by the author that the true number 
of varicose veins and leg ulcers must be found 
within these two limits. 

In the vear 1957 the total population of Den- 
mark above the age of 25 was about 2.7 mill. (26). 
According to this investigation the number of 
patients with varicose veins in the population 
above 25 should be between 400,000 and 750,000. 
At the same time the number of people who are, 
or have been suffering from leg ulcers, is calcu- 
lated to lie between 28,000 and 100,000. 

(From the author's experience with investiga- 
tions on varicose disease, he feels that in the case 
of leg ulcers the number listed in the questionnai- 
res is fairly reliable. Varicose veins may, how- 
ever, be present, though unnoticed by the patients, 
for a long time, when they are without symptoms. 
It is felt, therefore, that the true number of vari- 
cose veins is somewhat higher than appears from 
this investigation.) 


Relation between age of menarche and occurrence 
of varicose veins and leg ulcers. 

Of the 1045 women in this material above the 
age of 25, 563 had answered the question about 
the age of the menarche. 

In a recent study (3), the relation between the 
occurrence of primary varicose veins and the 
time of the first menstruation gave the results 
presented in Fig. 1. In the series then investi- 
gated, every woman was interrogated by the 
author, and great care was taken to obtain as 
accurate dating of the menarche as possible. It 
was found that very early and remarkably late 
menarches were easily remembered, while some 
uncertainty was present, when it came to the 
“normal” ages. 

In the present series no such safeguards have 
been possible, and no differentation between 
“primary” and “post-thrombotic” varicose veins 
has been feasible. 





Per cent varicose 
veins 

















Age of the menarcne 





12 13 4 45 216 
Fig. 1. 

The occurrence of primary varicose veins in relation 
to the age of menarche. 293 women above the age of 
puberty (Danish Med. Bull. 1957, 4: 102). 
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p veins 














ob | 
k > Age of tne menarche 
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Fig. 2. 
The occurrence of varicosities in relation to the age 





of menarche. (563 women above the age of 25 
present material). 


The distribution in the present material of 
varicosities in the different menarche groups is 
stated in Fig. 2. 

The percentage in the different groups is al- 
most identical in the two series. 

Fig. 3 shows the age distribution of the 
menarche in the present series of 563 women. As 
will be seen the curve comes very near the 
regular Gaussian form. This is thought to be an 
indication that the material is representative of 
the population in this respect. 

In order to find out if the occurrence of leg 
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Fig. 3. 
Distribution of menarches in the different age groups. 
total number of menarches 





(Comprising 660 women 
listed in the questionnaires 
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ulcers has any relation to the supposed hormonal 
factor — expressed by the time of the menarche 
— which is thought to influence the occurrence 
of varicose veins, the material was divided into 
three groups: 

Group I contains the families (mother — daugh- 
ter line) without varicose veins and leg ulcers. 

Group II contains the families with varicose 
veins, but no ulcers. 

Group III comprises the families with both leg 
ulcers and varicosities. 

In each group the average menarche age was 
found by determining the average menarche age 
of each family, adding the figures and dividing 
the total by the number of families. 

The results are stated in Table 4. 


Table 4. 





Average age of Number of 


GROUP the menarche families 

1 
— varicose veins 
— leg ulcers 13.4 38 
IH. 

varicose veins 
— leg ulcers 14.5 76 
HI. 

varicose veins 

leg ulcers 14.8 35 





In accordance with Figs. 1 and 2 it is seen that 
a late menarche age is found in the group with 
varicosities. The group with ulcers show an 
average menarche age a little higher than that 
found in the group with varicose veins only, but 
the difference does not seem to be striking. 

The number of leg ulcers in the material totals 
106. Of these, 100 have appeared in families in 
which there is a hereditary tendency to varicosis, 
and only 6 were found in the families free from 
varicosities. 

The possibility that this is purely accidental 
cannot be completely disregarded, but seems 
remote, 

No differentation between venous and arterio- 
sclerotic leg ulcers has been possible. Ulcers of 
other aetiology are extremely rare in the popula- 
tion concerned, and for all practical purposes 
they can be left out of consideration. 

THE HEREDITY OF VENOUS INSUFFICIENCY 

Investigations into the genetic aspects of vari- 
cose veins are but few. 

King (17) has not been able to demonstrate 
anv familial incidence of statistical importance, 
and maintains that the hypothesis of a weakness 
of the vein wall of a hereditary type is pure 
speculation without any adequate support. The 
fact that varicose veins are often found in several 
members of a family is only to be expected in 
view of the frequency with which it is found 
in the general population. 

Other writers, however, have laid considerable 





emphasis on the hereditary basis of varicose dis- 
ease. 

Curtius (12) stated, that varicose veins was 
but one manifestation of a generalised “status 
varicosus”, which comprises capillary and venous 
dilation of widely different structure and localisa- 
tion. — According to his concept, varicose veins 
is a hereditary disease of a simple dominant 
monohybrid pattern (11). 

The existence of the “status varicosus” was 
denied by Siemens (25) and Beek (6) who 
were unable to find any connection between the 
different types of teleangiectases, which these 
authors found to be completely unrelated. 

Troisier & LeBayon (27) examined 154 
families with 514 descendents. Among 74 children 
of parents without signs of varicosities 20 (27 per 
cent) had varicose veins. Of 28 children whose 
parents both suffered from varicosities 24, (85.7 
per cent) were affected. In 13 families all chil- 
dren had varicose veins. — Of 354 persons where 
one of the parents had varicose veins, 145 (41 
per cent) were affected, and when the families 
with but one or two children were excluded, 
together with the uncertain cases, 248 persons 
remained, of whom 88 (35.4 per cent) had vari- 
cosities. In 11 families (30 children) where only 
one of the parents had varicose veins, none of 
the children suffered. These authors conclude, 
that the hereditary varicose disease is of the 
recessive type. 

Ottley (21) found a hereditary pattern of 
the simple dominant type in 26 families, while in 
10 families varicose veins had occurred in one or 
more members of a sibship, where the parents 
were believed to be unaffected. In 2 of these 
families the condition had appeared in one of 
the grandparents — that is, it had skipped a 
generation. Ottley offers two explanations for 
this. Either a recessive factor is concerned, or the 
more usual type of inheritance is masked by the 
failure of the disease to become manifest — owing 
to absence of some other essential condition — 
in a predisposed individual. 

Several other investigators stress the importan- 
ce of the hereditary factor, but without giving 
any pedigrees or figures. (Payne (22), Mag- 
nus (18), Berntsen (7), Duguid (13)). 

Foote (14) draws attention to the fact that 
the varicosities not only tend to be familial, but 
even the varicose patterns may be transmitted in 
the family. 

As will be seen from the figures given by the 
various authors, opinions on the hereditary aspect 
of varicose veins have differed widely. 

Investigations into the genetic aspect 
ulcers are very few. 

Carleton (9) reported a striking family 
history in two sisters with leg ulcers. 

Anning (1) comes to the conclusion that the 
presence of a family tendency to ulceration 
except in the arteriosclerotic group is usually 
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associated with the inheritance of varicose veins; 
this applies to post-thrombotic as well as to vari- 
cose ulceration. He does not wish it to be as- 
sumed, however, that varicose veins are present 
in an individual before thrombosis occurs, as in 
his experience this is not usually so. It means 
merely, that thrombosis, unless caused by fracture 
or infection of the leg, seems more likely to occur 
in individuals with a familial history of varicose 
veins. 

As a result of this, Anning (1) advocates 
that special efforts should be made to prevent 
thrombosis in patients recumbent for one reason 
or the other, if there is a familial history of vari- 
cose veins, thrombosis or ulceration. 


RESULTS 

As mentioned above, it was thought that an 
idea as to some aspects of the hereditary problems 
of venous insufficiency might be obtained from 
a statistical investigation based on a question- 
naire. The value of such a study is limited, but 
as long as this is kept in mind, it may be useful 
as a starting point for a more exact genetic study. 

The questionnaires returned totalled 194, but 
only 164 contained at least one person, who had 
answered all questions. Forty-two other question- 
naires had to be excluded for one reason or the 
other, mainly because of too much uncertainty 
as to the relevant facts. For obvious reasons all 
sibships, where the majority of siblings had not 
reached the age of 25, were excluded in this 
material (a considerable number of these must 
be supposed to be potential varicose patients). 
The questionnaires free from varicosities and leg 
ulcers are also excluded from this series. 

With these exclusions 122 questionnaires re- 
main, comprising 1608 individuals above the age 
of 25. Of these 756 were men, 852 women. 


1. Estimation of the hereditary pattern 

by investigation of the sibships. 

In order to obtain a rough estimation of the 
general type of the hereditary pattern in varicose 
disease, the questionnaires were divided into two 
groups, according to the presence or non-presence 
of varicosities in the probands (the “central 
figures” of the questionaires) (see above). Ex- 
cluding the probands, a count was taken of the 
siblings with, and those free from, varicosities in 
each set of sibships. The results appear in Table 5. 

As will be seen the distribution comes rather 
near to what would be expected in a dominantly 
inherited disease. A definite difference is found 
between the positive and negative proband 
groups. 


IL. The influence of the age of the menarche 

on the hereditary pattern. 

As previous studies (3) have shown a definite 
preponderance of varicosities in the late menar- 
che groups (Fig. 1), special notice was taken of 





the possible influence of the age of the menarche 
on the hereditary pattern of varicose disease. — 
As will be seen from Fig. 3, the distribution of 
the menarches listed in the questionnaires is in 
accordance with that expected in a non-selected 
population. At the same time a striking correla- 
tion between the occurrence of varicosities and 
the time of the first menstruation is present in 
the same material (Fig. 2). 


Table 5. 
Distribution of varicosities in the negative and 
positive proband groups. Investigation of sibships. 








Siblings with 
varicosities 


Siblings without 
varicosities 
Probands free 
from varicosities 
Probands with 
varicosities 


168 (15.5 %) 328 (84.5 %) 


139 (40.3 %) 206 (59.7 %) 





In a considerable number of pedigrees the fol- 
lowing type of hereditary pattern was found: 


a) 





| 
m B 120 160 


(The shaded symbols indicate persons with 
varicosities. The numbers give the age of the 
menarche). 

Of this type of pattern 38 examples were found 
in 122 questionnaires. In the author's terminology 
this has been called “transmission to late men- 
arche”. 

The reversed type b) was but rarely met with, 
only 8 examples in 122 questionnaires. 


b) 


Be | | 
LJ a 128 16 


A different prototype is shown in patterns cl) 
and c2) 





c{) 





c2) 


| | 
À [] 220 230 


Examples of this type were found 16 (18) times 
in 122 questionnaires and in the author's termin- 
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ology this has been called “suppression by early 
menarche”. 

The reversed patterns dl) and d2) were found 
in 3 (5) examples in 122 questionnaires. 

di) 


d2) 





|| 120 1358 

Typical pedigrees of the dominant pattern were 
found in 88 examples in 122 questionnaires, while 
patterns reminiscent of the recessive type were 
met with in 34 out of 122 questionnaires, among 
these the 19 cases previously dealt with above as 
tvpes c) and d) (16 + 3). In 16 out of 34 “reces- 
sive” patterns a “suppression by early menarche” 
could be shown. In 3 cases a reversed type was 
found, while in the rest either a neutral distribu- 
tion of menarches was met with, or the dating 
of menarches was found too uneertain to permit 
any conclusion. 

The two “typical” groups a) and c) comprise 
54 examples in 122 questionaires, the “atypical” 
groups b) and d) only 11 (15). 

As will be seen the majority of hereditary pat- 
terns (88 out of 122) conform to the simple 
dominant type, in accordance with the outcome 
of the estimation by the proband method (Table 5). 
Thus the influence of the complementary factor 
(expressed by the age of the first menstruation) 
does not seem to bear on the statistical balance 
of the material as a whole, but seems to be of 
importance in the selection of the affected in- 
dividuals in the sibships. 

A minority (34 out of 122) does not show the 
expected dominant hereditary transmission, but 
falls into a second group reminiscent of a reces- 
sive tvpe of inheritance, but in accordance with 
Ottley (21), the present study indicates that 
in these cases the dominant pattern is masked by 
the absence of some other factor (here, a tenden- 
cy to a late age of menarche). The explanation 
may also be, that the dominant transmission is 
suppressed by the presence of some other factor, 
which expresses itself as a tendency to an early 
age of menarche. 


DISCUSSION 

The author is well aware that the validity of 
the present investigation is limited by its charac- 
ter, and that nothing but a rough estimation is 
possible. He does, however, feel that the results 
of this study are a further encouragement to a 
genetic evaluation on a larger scale. It is also felt, 
certain idea of some of the factors de- 


that a 





termining the heredity of varicose disease may be 
gained from the present investigation, in connec- 
tion with the results found by other writers and 
with the outcome of the author’s earlier studies. 

The number of patients with varicose veins in 
the population is very great. This is no surprise 
to the author and corresponds very well with the 
experience of the staff at the County Hospital of 
Nykgbing Mors, where careful notice is taken of 
the presence of varicose veins in the prophylaxis 
of deep vein thrombosis. 

The rate of occurrence of leg ulcers (of all 
tvpes) in this material is rather high, compared 
with the figures presented by other authors cited 
above. One explanation offers itself readily from 
the experience with a clientele of this type: Many 
patients have had their ulcers over long periods 
of years and have given up hope of any lasting 
benefit from medical treatment. Thus they will 
not appear in the hospital records in a number 
equivalent to their frequency in the general 
population. 

It has been very notable at this hospital to see 
the sudden rise in the number of hospital admis- 
sions following the more active (operative) treat- 
ment of leg ulcers during the last few vears. This 
is a proof of the presence of a great “reservoir” 
of ulcer patients in the population. 

A notable difference was found among the 
various writers on the opinion of the hereditary 
aspect of varicose disease, ranging from a com- 
plete refusal to admit any statistical significant 
figures indicating a hereditary factor, to the 
establishment of the constitutional “status varico- 
sus” by Curtius (12). 

The figures given by Troisier &LeBavon 
(27) suggested a recessive hereditary pattern, 
while those of Curtius (11) were tvpical of 
a dominant type of inheritance. 

The results found by the author in the present 
series point to a dominant pattern, but it would 
seem as if the power of manifestation was in- 
fluenced by some other factor. This is in accord- 
ance with the view expressed by Ottlevy (21). 

The fact that almost all leg ulcers in this series 
were found in the families with a tendency to 
varicosis, and with a late average menarche age, 
is interesting. 

Most modern authors tend to regard by far the 
largest number of leg ulcers as being due to the 
sequelae of thrombosis of the deep veins of the 
leg. In Anning’s (2) series 86.6 per cent of the 
ulcers belong to this group, while Bauer (5) 
found 80—90 per cent, and Birger (8) 41 per 
cent post-thrombotic ulcers in their series. The 
opinion that all ulcers and veins are 
due to the sequelae of deep thrombosis has also 
been expressed (16). 

The present study seems to point to some factor 
responsible for the tendeney of the veins to react 
upon certain stimuli. 

In a previous study (4) the 


varicose 


author found a 





vergen re 


Kaal 








no 5 





av be 
nnec- 
s and 
es. 

ns in 
prise 
h the 
tal of 
en of 
slaxis 


f all 
Dared 
cited 
from 
Many 
riods 
sting 

will 
mber 
neral 


o see 
dmis- 
treat- 
This 
voir” 


z the 
litarv 
com- 
ficant 
> the 
ar ico- 


von 
ttern, 
"al of 


resent 
would 
as in- 
cord- 
(21). 
series 
cy to 
e age, 


ar the 
to the 
pf the 
of the 
r (5) 
1 per 
„ The 
js are 
s also 


factor 
react 


md a 











JUNE 1958 


DANISH MEDICAL BULLETIN 








picture of “primary varicosis” of the saphenous 
veins as well as the communicating veins and the 
ankle perforators. While a certain percentage of 
ulcers were found to be of undoubted post- 
thrombotic origin, a considerable number were 
without phlebographic signs of earlier deep vein 
thrombosis, just as the history was negative. In 
these cases the underlying cause was found to be 
either a primary insufficiency of the saphenous 
veins (“varicose ulcers” in the strict sense) or a 
primary insufficiency of the ankle perforators. 

From the present study — in combination with 
previous investigations (3, 15, 17, 19, 20, 23) — 
it would seem as if all parts of the venous system 

- in predisposed individuals are able to react 
in the same way upon certain hormonal stimuli. 
In the subcutaneous veins on the lower extremi- 
ties this will result in valvular insufficiency and 
the formation of varicosities, when the secondary 
effect of the hydrostatic pressure comes into 
action. — In the communicating veins and es- 
pecially in the ankle perforators the valvular in- 
sufficiency and the dilation are present, but the 
shortness of the perforators and their hidden 
position prevents the formation of clinical vari- 
cosities. (The “venous ankle flare” described by 
Cockett & Jones (10) is, however, equivalent 
to varicosities of the saphenous systems). 

Finally, it would seem as if the same hereditary 
factors — influenced by the same variations of 
the “hoermonal balance” — are responsible for 
the tendency of the deep veins to react upon cer- 
tain stimuli with “deep thrombosis”. In the same 
way, superficial phlebitis is much more common 
in the varicose saphenous veins than in veins of 
normal structure and function. 

From these premises it is concluded that venous 
insufficiency, whatever form it may take due to 
secondary factors, seems to be based on a com- 
mon aetiology. 

This is not without practical consequences. 
As already mentioned, Anning (1) advocates 
special care in the prophylaxis of deep vein 
thrombosis in a patient with a familial history of 
varicose veins or leg ulcers. This view is strongly 
supported by the present study, as almost all 
ulcers were found in families with a tendency to 
varicosis. A considerable percentage of these ul- 
cers must be supposed to be of the post-thrombotic 
type. 





SUMMARY 

In a previous study the author found a striking 
correlation between the occurrence of primary 
varicose veins and the time of the first menstrua- 
tion, a late menarche being apparently a pre- 
disposing factor to varicosis. 

In the present study an attempt is made to find 
out how this “hormonal” influence is compatible 
with the generally accepted view, that varicose 
veins is an inherited disease. 

This evaluation is based on the use of a 


questionnaire. The shortcomings of this method 
are recognized. 

The rate of occurrence of varicose veins in the 
population above the age of 25 was found to be 
between 14.8 per cent and 28.9 per cent. 

Leg ulcers were found to occur in between 
1 per cent and 3.9 per cent of the population 
above 25. 

The heredity of varicose disease was found to 
be of the dominant type in the majority of pe- 
digrees (88 of 122), while in a minority (34 of 
122) a pattern suggestive of a recessive tvpe of 
inheritance was found. 

The hormonal influence was found to play a 
role in the selection of affected siblings in the 
sibships. In 54 out of 122 questionnaires a “trans- 
mission to late menarche” or “suppression by 
early menarche” was found, while the reversed 
tvpes of patterns were only met with in 11 cases. 

“Suppression by early menarche” 
the factor responsible for about 50 per cent of the 
“recessive” patterns in this material. 

Of 106 unspecified leg ulcers listed in this mate- 
rial, 100 were found in families with varicosities. 
These families had a late average menarche age. 

The hypothesis is put forward, that venous in- 
sufficiencv of the lower extremities, comprising 
varicose veins, incompetent communicating veins 
and ankle perforators together with the tendency 
of the deep veins to react upon certain stimuli 
with “deep thrombosis” (with the resultant late 
sequelae) is an entity, based on the same in- 
herited disposition, and influenced by the same 
“hormonal” factors. This is thought to have 
practical consequences in the prophylaxis of deep 
vein thrombosis. 


seems to be 
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LEVEL IN NORMAL SUBJECTS 
SURGERY 


DETERMINATION BY THE BOJESEN METHOD 


By H. C. ENGELL, F. BRO-RASMUSSEN and OLE BUUS 


The urinary execretion of corticoids is usually 
considered a valid index of the adrenal function. 
It measures both free and conjugated material 
and integrates time factor (1). However, only a 
fraction of the total adrenal secretion of corti- 
coids are recovered in the urine and it is not 
uncommon to find a low excretion of conjugated 
corticoids in spite of high plasma levels of 17- 
hydroxycorticoids (2). When a patient has anuria 
after an ischaemic renal insult, determination of 
the plasma values is the only possible means to 
evaluate the adrenorticortical function. 

Earlier routine methods for determination of 
plasma levels have included the total amount of 
free 17-hvdroxvcorticoids, while Bojesen’s 
method (3) is specific for hydrocortisone. After 
this method has become available as a routine 
analysis we have been interested in establishing 
normal values for this method and following the 
changes in plasma hydrocortisone level related to 
an uncomplicated standard operation of medium 
size. 

METHOD 

The method devised by Bojesen is based on 
a specific isotopic dilution principle according 
to the double tracer technique of Keston (4). 
All analyses were carried out in duplicate: 2 x 10 
ml of plasma is extracted three times with 15 ml 
of chloroform. The extract is evaporated in vacuo 
in a slow stream of nitrogen. When the residue 
is almost dry it is purified by partition between 
methanol/water and toluene/hexane and between 
ethvl acetate and water. After complete evapora- 
tion the steroids are esterified with “Pipsan 35S”. 
In order to make corrections for the loss under 
the subsequent procedure the pipsyl ester of hy- 
drocortisone labelled with !2!I is added as an 
indicator. The esters are partly isolated by par- 
tition between chloroform and 50 per cent me- 
thanol/water. The chloroform phase is trans- 
ferred to paper strips and chromatograms are 
run in two Bush-systems (5). The chromatograms 


From Department D, Rigshospitalet, University of 
Copenhagen (Head: Prof. E. Husfeldt) and 
Medicinsk Laboratorium, Ltd. Copenhagen. 
(Directors: E. Bierring and E. Nielsen). 


are radioautographed. The spots are eluted with 
methanol in chloroform and placed on planchets. 
The planchet is counted, without and with a suit- 
able filter, for S35 + I 131 and for I 31, From 
these values the S35/1131 ratio is obtained. From 
this ratio and the S35/1131 ratio of a known glycin 
standard with the same amount of indicator as 
in the samples the amount of hydrocortisone in 
the original sample can finally be calculated. 

The technical error of the method has been 
calculated from 35 duplicated analyses divided 
into two groups (Table 1). 








Table 1. 
Hydrocortisone em em «t 
in plasma 
0—15 ug Jo + 0.45 ug /o + 1.1 ug % 
15—35 ug% + 0.57 ug% + 14 ug % 
eM Standard error of the mean of each duplicate. 
Et 15, 
eM .t maximal technical error to be expected. 


MATERIAL 

Forty patients who had hernias or uncompli- 
cated varicose veins or were candidates for 
plastic surgery were selected as a normal material. 
None of them had any symptoms of hormonal 
dysfunction, they had all normal temperature and 
sedimentation rate. They had been ambulatory in 
the hospital for a few days. 

The night before the sampling 10 cg of barbi- 
turate (allypropymal) was given. The samples 
were drawn at 8-—-830 a. m. while the patients 
were still in bed fasting. 

The average value (Fig. 1) for 29 men and 11 
women was 10.0 ug per cent (4.4—-18.7). In addi- 
tion the values have been determined for 18 heal- 
thy women between 17-23 years of age. The 
samples were drawn between 8-—9 a. m. during 
normal activity in the laboratory. The average was 
7.8 ug per cent (5.4—12.1 ug per cent). 

Partial gastric resection has been chosen as â 
standard medium size operation. For eight pa- 
tients (Fig. 2) who underwent this operation 
without any pre- or postoperative complications 
the spontaneous values for plasma hydrocorti- 


sone under the aforenamed resting conditions 
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were 8.3 ug per cent ranging from 4.2 to 12.0 ug 
per cent. Four hours after intramuscular injec- 
tion of 25 units of corticotrophin, levels between 
21.1 and 33.9 ug per cent hydrocortisone were 
found in the plasma. Five hours after the operation 
the maximal values between 23 and 38 ug per 
cent were found. The following morning the 
levels were lower, but the third morning the value 
were still slightly higher than the preoperative 
levels. The fifth morning the hydrocortisone level 
had returned to the preoperative level. 

In two patients the increase in plasma hydro- 
cortisone has been followed during anseesthesia 
and operation. As will be seen (Figs. 3 and 4) the 
values after premedication with morphine are 
a little lower than the normal morning values 
for these two patients. The lowest level is reach- 
ed after tracheal intubation during ansesthesia 
with barbiturate, curare and nitrous oxide. 

The rise during surgery and in the postoperative 
period in the two cases demonstrates the con- 
siderable variation in individual response to sur- 
gical trauma. Case No. 1, where hydrocortisone 
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Fig. 3. 
Hydrocortisone level in a patient who underwent a 
technically easy subtotal gastrectomy lasting two 
hours. Uneventful postoperative course. 
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Fig. 4. 
Hydrocortisone level in a patient who underwent a 
subtotal gastrectomy for a duodenal ulcer penetrating 
into the pancreas. The operation lasted 3% hours. 
Uneventful postoperative course. 


rose to the highest levels in this series, was a 
technical easy operation, while Case No. 2, oper- 
ated upon by the same surgeon, represented some 
difficulty in dissection of the duodenal ulcer from 
pancreas and the operation lasted for nearly twice 
the time of Case No. 1. Both patients made an 
uneventful recovery. 

From a surgical point of view it will be of 
importance to follow the level of hydrocortisone 
in the plasma of patients with severe complica- 
tions, especially those treated by corticoid hor- 
mones for adrenal insufficiency or septic shock. 
In patients with anuria after an ischaemic renal 
insult determination of the plasma values is the 
only possible mean to evaluate the adrenocorti- 
cal function. 

SUMMARY 

The plasma hydrocortisone level determined 
by the Bojesen method in 40 normal subjects 
was found to be 10 ug per cent on average. The 
plasma hydrocortisone level was followed in 8 
patients who underwent uncomplicated subtotal 
gastrectomy. The maximal postoperative hvdro- 
cortisone level corresponded to the rise seen after 
intramuscular injection of 25 units of corticotro- 
phine. 
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FEBRILE TRANSFUSION REACTIONS IN PATIENTS WITH 
LEUKOCYTE AGGLUTININS 


By SVEN-AGE KIILMANN 


Soon after the discovery of leukocyte agglutinins 
in humans it was suggested that the presence of 
leukocyte agglutinins in a recipient might be a 
cause of transfusion reactions. However, conclu- 
sive evidence could at first not be obtained (3). 
During the last vear reports have appeared from 
several laboratories working independently of 
each other which establish a connection between 
leukocyte agglutinins and transfusions reactions 
(1, 7, 8, 10, 11, 12, 13). This report deals with the 
occurrence of febrile transfusion reactions in 
patients with potent leukocyte agglutinins. 

During an investigation of the occurrence of 
leukocyte agglutinins attention was focused on 
three patients on account of their potent leuko- 
cyte agglutinins. In addition, it was remarkable 
that they all had repeated febrile transfusion re- 
actions. Consequently they were studied more 
closely with the aim of defining the clinical pic- 
ture of the reactions and trying to clarify their 
cause. 


METHODS 

a) Leukocyte agglutination tests were carried out 

with a slight modification of Dausset’s (6) 

method (9). 

Red cell antibodies. The investigation for 

red cell antibodies was performed with a red 

cell panel using direct agglutination tests 

(37° C)in saline, indirect Coombs’ test (37° C) 

and saline agglutination (slide test) at 20° 

and 4°C. The test were performed at the 

Blood Bank of Rigshospitalet. 

c) Platelet agglutinins were investigated for ac- 
cording to the technique of Dausset (5) 
by Dr. F. Kissmeyer-Nielsen. 

d) Plasma haemoglobin determinations were 

made by the method of Crosby & Furth 

(2). 

Red cell survival time was measured by the 

51Cr technique by dr. H. Letman. 


b 


e 
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f) Rectal temperature was measured in the pa- 
tients before, during and after transfusions 
with intervals from 45—60 minutes. Care was 
taken that the patients did not receive anti- 
histaminics or antipvyretics as these agents 


may suppress some transfusion reactions. 
Nevertheless, on a few occasions it was 
considered necessary to give these drugs 


(vide infra). 


ABSTRACTS OF RECORDS 


1. B. C., female, born 1893. Aregenerative anaemia, 
reticulosis of bone marrow. No pregnancies. Leuko- 
cyte agglutination test first performed when about 
25 transfusions had been given: positive. Direct 
Coombs’ test on red cells negative, no irregular red 
cell antibodies, no platelet agglutinins. Red cell group 
A Rh neg. (cede). The first transfusions apparently 
were well tolerated, later transfusions were followed 
by febrile reactions. 

2. H. N., female, born 1917. Idiopathic pancytopenia. 
Two pregnancies (1942 and 1943), no abortions. In re- 
trospect no signs of foetal erythroblastosis in the 
children. Leukocyte agglutination test first performed 
when seven transfusions had been given: positive. 
Direct Coombs’ test on red cells negative, no irregular 
red cell antibodies, no platelet agglutinins. Red cell 
group B Rh neg. (ede). Chills were present already 
at the first transfusion given. 

3. G. S., female, born 1900. Acute leukaemia. Two 
pregnancies (1922 and 1940), no abortions. In retro- 
spect no signs of foetal erythroblastosis in the child- 
ren. Leukocyte agglutination test first performed 
when two transfusions had been given: positive. Di- 
rect Coombs’ test on red cells negative, no irregular 
red cell antibodies. Weak platelet agglutinins (titer 
2—4) present (tested after two transfusions had been 
given). Red cell group A Rh pos. Transfusion reaction 
was noted already at the first transfusion given (ur- 
ticaria). 

The leukocyte agglutinin of patient B. C. probably 
was a pure immuno-iso-agglutinin due to transfusions. 
This view is substantiated by the fact that the ag- 
glutinin titer rose concomitantly with increasing num- 
ber of transfusions. At the time of the investigations 
presented here the serum agglutinated all 64 normal 
leukocytes tested. Absorption experiments showed 
The results were shortly mentioned in a paper given 
before the 6ième Congrès de la Société Européenne 
d’Hématologie, Copenhagen, August 26—31, 1957. 
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that the serum contained a mixture of leukocyte ag- 
glutinins of different specificity. The titer depended 
on the leukocytes used for testing and rarely was 
lower than 512; the maximum titer observed was 
256,000, and with most leukocytes the titer was 1000 
— 8000. The sera of patients H. N. and G. S. also con- 
tained a mixture of different leukocyte agglutinins. 
Their titers varied most considerably depending on 
the test leukocytes employed and rarely normal leu- 
kocytes were found which were not agglutinated. The 
maximal titers observed with these sera were 4000 
and 32000, respectively. 
RESULTS 

A total of 33 observations was made (Table 1). 
After 25 transfusions fever (rise in body tempera- 
rature more than 1° C.) occurred. After another 
4 transfusions a temporary rise in body tempe- 
rature (0.5—0.9° C.) was recorded. In 4 instan- 
ces fever was present before the transfusion but 
also on these occasions body temperature changed 
in a way quite analogous to the observations made 
at times when fever was not present prior to trans- 
fusion. 

Table 1. 

Observations during 33 transfusions in 3 patients with 
leukoeyte agglutinins. Febrile reaction: rise of tempe- 
rature of 1° C. or more. Figures in () indicate a rise 
of temperature between 0.5 and 0.9 ° C. The fraction- 
ated transfusions described in the text are not in- 





cluded. 
Patient B.G HN. G.S 

Number of observations 16 6 11 
Febrile reactions .…......... 15(C+1) 4 6(+3) 
Leukocyte compatibility test 

performed .……… vena GK 0 3 X 
Leukocyte incompatibility 

demonstrated ………….…..…..…. 3 — 3 X 
Febrile reactions in presence 

of demonstrated leukocyte 

incompatibility 3 -— 2(+1) 





The first hour after start of transfusion body 
temperature remained unaltered. During the se- 
cond hour temperature rose gradually and reached 
a maximum after 4 (2%—6) hours. The highest 
temperature recorded was 40°C.; however, in 
three instances antipyretics were given when a 
severe reaction was foreseen from pronounced 
chills and a steeply rising temperature. The maxi- 
mum temperature generally was of one to two 
hours’ duration. Temperature then gradually de- 
clined to normal which was reached eight hours 
after start of transfusion or later (Fig. 1). Pulse 
and respiration rates roughly followed the chan- 
ges in body temperature. The fever might or 
might not be preceded by chills. Two of the 
patients spontaneously declared that chills only 
occurred if the blood was given rather quickly. 
When the blood was given slowly they felt no 
discomfort apart from a slight feeling of heat. 
The reactions were never accompanied by cough 
or shortness of breath. Back pains were present 


FEBRILE TRANSFUSION REACTIONS IN PATIENTS 
WITH LEUKOCYTE -1SO - AGGLUTININS 
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40 + START 
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HOURS AFTER START OF TRANSFUSION 
Fig. 1. 
Typical febrile transfusion reactions in three patients 
with leukoeyte agglutinins. Two shown 
from each patient. 
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on two occasions but typical lumbar pain was 
not observed. Vomiting was recorded once. Shock 
was not seen. None of the patients developed 
jaundice. Plasma haemoglobin concentration was 
measured before and during the hours after trans- 
fusion reaction on two occasions; no rise occur- 
red. After transfusions the urine contained neither 
haemoglobin nor protein, and microscopy of urine 
sediment failed to show casts and erythrocyturia. 
Diuresis was not impaired by the transfusion 
reactions. On one occasion a peculiar reaction 
was noted in patient B. C. When a total of 3.9 x 
109 leukocytes was transfused (patient’s leukocyte 
agglutinin titer against these leukocvtes 256,000) 
ardiac arrhythmia developed three hours after 
start of transfusion. At no time did the patient 
suffer any discomfort; the arrhythmia was only 
discovered due to routine pulse control. ECG 
showed atrial fibrillation which shifted to flutter 
during treatment with Digitalis. Three days later 
sinus rhythm was obtained. After further four 
days the flutter relapsed and was present for 
about one day. Then sinus rhvthm definitely 
returned. The blood pressure in the days follow- 
ing this episode was a little lower than usually 
and the ESR rose as did the leukocyte count. 
Temperature was elevated for two davs after the 
transfusion. The GO-transaminase concentration 
was increased but kept at the same level during 
more than a fortnight and thus hardly contributes 
to a diagnosis of coronary thrombosis. The ECG 
never showed definite signs of a coronary oc- 
clusion. It should be noted that ECG prior to 
the period of arrhythmia was perfectly normal. 

After all, this episode probably was a coronary 
occlusion. It is tempting to speculate that the 
occlusion may have been caused by a leukocyte 
thrombus in a coronary artery. Such a concept 
of course remains perfectly hypothetical. 
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Careful cross-matchings including indirect 
Coombs’ test always showed perfect red cell com- 
patibility. Repeated investigations revealed no ir- 
regular red cell antibodies. Cell suspensions 
washed twice or — more often — three times 
elicited reactions as well as did transfusions of 
whole blood. 

In six instances leukocyte compatibility tests 
were made and always showed incompatibility 
between the recipient and donor’s leukocytes. All 
transfusions with demonstrated leukocyte incom- 
patibility caused a rise of body temperature 
(Table 1). 

Donors with compatible leukocytes were not 
found. Transfusion of blood from such donors 
would have been of great value for the evalua- 
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Results of fractionated transfusions in three patients 
with leukocyte agglutinins and febrile transfusion 
reactions. 


tion of the rôle plaved by the leukocyte ag- 
glutinins in the transfusion reactions of these 
patients. Instead blood separated into two or 
three fractions was given in order to determine 
what part of the blood caused the reactions. 
Whole blood in ACD-solution was fractionated by 
differential sedimentation by adding one 1/5 
volume of “Macrodex” (6 per cent of dextran in 
saline) or by centrifugation. In this way the blood 
was divided into fractions as shown in Figs. 2—4. 
Unfortunately the red cell suspensions could not 
be satisfactorily freed from white cells with the 
methods employed. 

Each patient received a transfusion of “frac- 
tionated” blood; in every instance potent leuko- 
cyte agglutinins directed against the leukocytes 
transfused were present. Plasma and platelet sus- 
pensions were tolerated well whereas the sus- 
pensions of red and white cells elicited the pa- 
tients’ usual transfusion reactions (Figs. 2—4). 
A comparison with the reactions following or- 
dinary transfusions shows that the time spacing 
of the fractionated transfusions is warranted to 
exclude overlapping of the reactions. 


DISCUSSION 

Transfusion reactions occurred with a remark- 
able frequency in these three patients. As their 
sera contained potent leukocyte agglutinins it 
was assumed that these were the cause of the reac- 
tions. To substantiate this view and to rule out 
other causes of intolerance it was attemped to 
separate the blood into plasma, platelets, white 
and red cells and transfuse the constituents of 
the blood separately (Figs. 2—4). 

In none of the patients could the reactions be 
attributed to plasma or platelets. The latter point 
is of special interest in patient G. S. whose serum 
contained a weak platelet agglutinin. Reaction 
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only occurred with suspensions containing a 
certain minimum of red cells and white cells. 
The experiment with patient G. S. is non-contri- 
butory as to whether the reactions were caused 
by white cells or red cells. From the experiment 
with patient H. N. no definite conclusion can be 
drawn either. The buffy coat caused a slight 
chill and a rise of temperature from 37.5° C. to 
38.0° C. The washed cell suspension caused a 
pronounced chill and rise of temperature from 
37.8° to 39.2° C. The ratio of the number of cells in 
the buffy coat to the number of cells in the washed 
suspension was 1:3 for leukycytes and 1:17 for 
erythrocytes. It is thus seen that there was a better 
quantitativerelationship between the rise in tem- 
perature (0.5° GC. with buffy coat versus 1.4° CG. 
with washed cell suspension) and the number of 
leukocytes transfused with the two fractions than 
with the number of red cells transfused. In the 
experiment with patient B. C. the donor red cells 
were labelled 6! Gr and showed to have a normal 
survival time in the patient’s circulation. Thus in 
this experiment red cell incompatibility could be 
definitely excluded. 

The data allow the exclusion of a number of 
recognized causes of transfusion intolerance: 
Plasma incompatibility could not explain the re- 
actions as they were elicited also by cells washed 
thrice and plasma alone was tolerated well. Pla- 
telet incompatibility could not be demonstrated. 
Platelet agglutinins (weak) were found only in 
one of the patients and platelet suspensions cau- 
sed no fever. Red cell incompatibility could never 
be demonstrated, irregular red cell antibodies 
were absent, transfusions were followed neither 
by haemoglobinaemia nor by jaundice or renal 
damage; on one occasion donor erythrocytes 
proved to have a normal survival time in the 
recipient in spite of a definite transfusion reac- 
tion. Neither pyrogens nor bacterial contamina- 
tion can explain the very frequent reactions: 
among 9162 transfusions given in this hospital 
in 1956, 220 reactions with chills and/or fever 
(2.3 per cent) and 19 non-haemolytic reactions 
with lumbar pain with or without chills (0.2 per 
cent) were reported to the Blood Bank. Although 
these are minimum figures whereas the data of 
the present study (32 reactions in 36 transfusions, 
fractionated transfusions included) are maximum 
figures, the difference is striking. As other causes 
thus may be excluded with a reasonable certainty 
and reactions only occurred when a certain mini- 
mum of leukocytes was transfused it seems ju- 
stified to conclude that the reactions were caused 
by a reaction between the leukocyte agglutinins 
of the recipient and the leukocytes contained in 
the blood transfused. This is further supported 
by the recent observation of a non-transfused leu- 
kopenic patient with a leukocyte agglutinin who 
had a febrile reaction on her first transfusion. 
This observation may be of some significance for 
the most difficult problem of evaluating a positive 





leukocyte agglutination test in a leukopenic pa- 
tient who has been transfused prior to the per- 
formance of the test. It is recalled that patients 
H. N. and G. S. had reactions on their first trans- 
fusion. Certain other data indicate that the leuko- 
cyte agglutinins of these patients mav have been 
auto-aggressive. It should be considered that a 
reaction of unknown cause following the first 
transfusion in a patient in whom leukocyte agglu- 
tinins later are demonstrated may be a hint that 
the agglutinins were present before transfusions 
were given. 

Although reactions were very frequent in the 
three patients of this study they did not occur 
on every transfusion. The most constant occur- 
rence was found in patient B. C. whose serum 
contained the most potent agglutinins and what 
may be of greater importance — agglutinins which 
rarely had a titer lower than 512. In patient H. N. 
and G. S. reactions sometimes were slight (rise of 
temperature 0.5—0.9° C) or even absent. Similar 
experiences have been made by others (3, 11, 13). 
Several factors may be of significance in this 
respect. Although they are not claimed to be suf- 
ficient the following explanations are suggested. 
A) The patient’s agglutinin may not or may be 
only slightly active against donor’s leukocvtes. 
v. Loghem et al. (11) have suggested that low 
titer leukocyte agglutinins may be less liable to 
cause transfusion reactions than high titer agglu- 
tinins. B) The blood transfused may contain a 
low number of leukocytes or the leukocytes may 
be disintegrated during storage. Thus patient 
G. S. tolerated perfectly well 500 ml of blood 
which had been stored at 4° CG. for 21 davs. The 
leukoeyte count of this blood (WBC 2735 per „I) 
was lower than in the majority of transfusion 
bloods of this study and the differential count 
showed 94 per cent mononuclear cells (probably 
Iymphocytes + disintegrated granulocvtes) and 
a good deal of smudged cells. C) Fever before 
start of transfusion may make evaluation difficult. 
This is a possible explanation of the slight reac- 
tion of patient G. S. on a transfusion where leuko- 
cyte incompatibilitv (titer 1024) had been demon- 
strated (Table 1). D) It is reasonable to assume 
that the duration of a transfusion may be of some 
importance for the strength of the reaction. E) 
Treatment with adrenal steroids might be thought 
to suppress reactions; however, no evidence for 
this could be found in the patients reported here. 
F) Combinations of the possibilities mentioned. 
G) Finally it should be noted that several of the 
febrile reactions observed in this study are missed 
on the routine temperature charts of the ward if 
for instance transfusion was started in the late 
afternoon. Thus the frequency of febrile transfu- 
sion reactions may be underestimated if a study 
is based on routine temperature charts. 

The results of this study are in agreement with 
a number of recent reports. Dausset (3) in 
1954 called attention to transfusion shocks in some 








182 


DANISH MEDICAL BULLETIN 


Vol 5 no 5 





patients with leukocyte agglutinins. As other pa- 
tients with leukocyte agglutinins of comparable 
titers showed no reactions after transfusions, no 
definite conclusion were drawn as to the rôle 
of leukocyte antibodies in complications of blood 
transfusions. To explain his finding that preli- 
minary washing of the cells could suppress the 
reactions, Dausset later (4) modified his views 
and assumed that the reactions were due rather 
to plasma intolerance than to leukocyte incom- 
patibility. However, the latter possibility was not 
quite rejected as it was supposed that repeated 
washing might alter the leukocytes in a way that 
reactions with leukocyte antibodies were no lon- 
ger possible. 

van Loghemetal. (10) assumed that a strong 
leukocyte agglutinin was responsible for febrile 
transfusion reactions in a patient with chronic 
Iymphocytie leukaemia. Plasma intolerance and 
red cell incompability could be ruled out. As 
the patient’s serum also contained a strong platelet 
antibody besides the leukocyte antibody and a 
reaction also was seen with blood poor in leuko- 
cytes no definite conclusion can be drawn from 
this report. Killmann (8) gave some evidence 
that leukocyte incompatibility responsible 
for febrile transfusion reactions in a patient with 
monocvytic leukaemia. Pavne (12) found that 
13 of 32 patients with leukocyte agglutinins had 
shock, chill or temperature rise to 39° CG. or higher 
when transfusions were given. Later Payne (13) 
reported investigations of sera from 49 patients 
with febrile transfusion reactions. Thirtv-two of 


was 


these sera contained leukocyte agglutinins. In 
five of these sera irregular red cell antibodies 


were present too. In some patients receiving mul- 
tiple transfusions leukocyte agglutinins were de- 
tected at about the same time as the first febrile 
transfusion reactions occurred. Finally 11 patients 
with leukocyte agglutinins and transfusion reac- 
tions were treated with blood from which the 
majority of leukocytes was removed. With such 
“leukocyte free” blood no transfusion reactions 
developed. 

Brittingham (1) stated similar experiences. 
In addition five patients with leukocyte agglu- 
tinins and transfusion reactions were treated with 
blood fractionated into two portions, one con- 
taining most of the red cells and plasma but less 
than 20 per cent of the buffy coat, and the other 
one containing more than 80 per cent of the buffy 
coat. Only the latter portion reproduced the pa- 
tients’ transfusion reactions. Dausset et al. (7) 
reported transfusion shocks in a patient with a 
rather potent leukocyte agglutinin. The reactions 
were elicited with cell suspensions rich in leuko- 
cytes whereas platelets and plasma were tolerated 
well. When blood was given from which the main 
part of leukocytes had been removed no shocks 
were recorded. 

Most of the reactions reported seem to have 
been of the type described in detail above; in 





addition, drop in blood pressure, nausea, vo- 
miting and chest pain may occur (13). Finally, 
reactions referred to as “shocks” have been re- 
ported (7). 

Summarizing, the transfusion of blood contain- 
ing a certain minimum of leukocytes to recipients 
with leukocyte agglutinins may elicit transfusion 
reactions whereas transfusion of blood poor in 
leukocytes to the same recipients is tolerated well. 
The reactions can not be explained from pyrogens, 
bacterial contamination, plasma intolerance, pla- 
telet incompatibility or red cell incompatibility. 
Further, certain data indicate a time relationship 
between the appearance of leukocyte agglutinins 
and transfusion reactions. It is thus well estab- 
lished that leukocyte agglutinins are one of the 
causes of transfusion reactions. On the other hand, 
statistical studies on the association between 
transfusion reactions and the presence of leuko- 
cyte agglutinins should be evaluated with caution 
because such an association does not necessarily 
mean that the leukocyte agglutinins are the cause 
of the reactions but may merely reflect mutually 
independent consequences of previous transfu- 
sions. 


Prevention of reactions. 

The reasonable way to avoid these reactions 
would be to select donors with compatible leuko- 
cytes. In many of these patients, however, this 
will be a most difficult task as their sera are near- 
ly pan-agglutinating. Furthermore, incomplete 
leukocyte antibodies would have to be ruled out 
by the rather laborious antihuman-globulin-con- 
sumption test as incomplete leukocyte antibodies 
possibly are a cause of reactions too (11). It 
seems easier and safe to transfuse these patients 
with blood poor in leukocytes. A method for de- 
priving blood of leukocytes for this purpose has 
been published in detail by Dausset et al. (7). 
In the patients reported here pyribenzamin (25 


mg into the transfusion bottle) was tried once 
and acetylsalicylic acid (one gram per month) 


was tried twice. These drugs did not prevent the 
patients’ usual reactions. 


SUMMARY 
Three patients with potent leukoecyte aggluti- 
nins suffering from very frequent febrile trans- 
fusion reactions are reported and the clinical pic- 
ture of the reactions described. The reactions 
could not be accounted for by pyrogens, bacterial 
contamination, plasma intolerance, platelet in- 
compatibility or red cell incompatibility. Reac- 
tions were elicited only when a certain minimum 
of leukoecytes was transfused. It is concluded that 
the febrile reactions were caused by a reaction 
between the leukocyte agglutinin of the recipient 

and the leukocvtes transfused. 
The prevention of these reactions is discussed. 
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BENZODIOXANE 


IN A CASE OF PHEOCHROMOCYTOMA 


By K. WINKLER 


Benzodiozane (Piperoxane (U. S. P.),2-(piperi- 
dylmethyl)-1,4 benzodioxanechloride) has been 
widely used as a diagnostic test for pheochromo- 
cytomas. Given intravenously to patients with 
elevated amounts of pressor substances (adrena- 
lin and nor-adrenalin) in the blood, it often cau- 
ses a considerable decrease in the blood pressure 
by peripheral adrenolytic action. 

In patients with essential arterial hypertension 
Benzodioxane regularly causes a small rise in the 
blood pressure (2). In hypertension due to pheo- 
chromocytoma only a few cases with hyperten- 
sive reaction after benzodioxane test have been 
reported (3, 6). 


CASE REPORT 

The patient was a 16 vears old boy with hyper- 
tension. By roentgenography after retroperitoneal air 
insufflation a right-sided tumour of the adrenal was 
demonstrated. The daily excretion of adrenalin and 
nor-adrenalin was measured to 2074 microgrammes 
(7 per cent adrenalin). In the ward, benzodioxane test 
(15 mg intravenously in 5 minutes) was performed 
without alteration in blood pressure, while following 
Regitine a drop (175/110 to 135/70) was observed. 

For hemodynamic studies hepatic venous catheteri- 
zation was performed. The arterial pressure was con- 
tinously recorded by a Tybjerg Hansen manometer 
through a polythene catheter in the right femoral 
artery. Prior to the investigation the patient received 
200 mg of phenobarbitone. When the patient arrived 
at the catheterization room he was very apprehensive, 
but quickly became calm after 50 mg of pethidine 
(Meperidine) intravenously. With the venous catheter 
in a hepatic vein a long period for stabilization of 
the blood pressure was observed. When Benzodioxane 


From Medical Dept. B. (Head: Professor Erik War- 
burg) and its Cardiological Laboratory (Head: Anders 
Tybjerg Hansen), Rigshospitalet, University of Co- 
penhagen. 





was given (10 mg in 2 minutes) a decrease in blood 
pressure was seen (Fig. 1 shows the actual oscillo- 
graphic recording). A few minutes later the patient 
suddenly cried from severe bursting headache and 
paresthesias in the left side of the body. This coincided 
with an alarming rise in the arterial blood pressure. 
Regtine (phentolamine), 7 mg intravenously was 
promptly given, resulting in an immediate fall in 
pressure to subnormal values and recovery from all 
symptoms. Hereafter the investigation was discon- 
tinued. There were no neurologic or other sequels to 
the incident. 

Before this event only one hypertensive attack had 
been recorded (following the air insufflation), after- 
wards some “spontaneous” attacks were seen. The 
patient was later on operated upon and a pheochromo- 
cytoma of the right adrenal was removed. 


The intra-arterial blood pressure, the mean 
pressure, determined graphically, and the heart 
rate are shown in Fig. 2. The changes in mean 
pressure follow closely those in systolic and 
diastolic pressure. The heart rate slowed down 
a little during the Benzodioxane hypotension 
and the following hypertension, after Regitine 
tachycardia occurred. The splanchnic glucose 
output (hepatic blood flow measured by Bra d- 
le v’s method, glucose by Somogui-Nelson’s 
procedure) was in the control period verv 
constant, ab. 200 mg/minute. During the hyper- 
tensive reaction it rose to more than 400 mg 
minute in 5 minutes, suggesting that a powerful 
glvcogenolytic agent had been released. 

No definite conclusions can be drawn from the 
pressures and heart rate regarding the dominance 
of adrenalin or nor-adrenalin in the pressor re- 
sponse. The elevation of both systolic and dia- 
stolic pressure and bradvcardia suggests action 
of nor-adrenalin while the augmentation in 
splanchnic glucose output shows that adrenalin 
presumably was operating also. 
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Fig. 1. 
Recording of arterial blood pressure. 
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Fig. 2 
Blood pressure, mean pressure, heart rate and splanch- 
nie glucose output before and during Benzodioxane- 


induced hypertensive reaction. 
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It cannot be excluded that the hypertensive 
attack was merely incidental to the Benzodioxane 
injection, but the close time connection makes an 
aetiological relationship more probable. Perhaps 
the previous anxiety state of the patient has played 
a role in precipitating the reaction. The time 


interval between the Benzodioxane-induced hypo- 
tension and the following hypertensive crisis is 
the same as in the case of Green & Peterson 
(3). A similar reaction after Regitine has been 
described. (5). 

The liberation of large amounts of pressor sub- 
stances following the injection of Benzodioxane 
could be caused by an “overshooting” reaction 
of the organism to the hypotension but could also 
be explained by a direct action of Benzodioxane. 
It has been shown in animal experiments that 
Benzodioxane and chemically allied compounds, 
beside their adrenolytic action have sympathico= 
mimetic properties and cause distinct hypotension 
by central stimulation. (1, 4). 


SUMMARY 


A case of pheochromocytoma with severe hy= 
pertensive reaction to Benzodioxane is reported. 
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